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(57) Abstract 

Compounds of formula (I) in which p, q and r eacb independentiy represent an integer from 1 to 4; n is 0 to 6; m is 0 to 6; 
A is a bond, -CH » CH-, -C = C-, oxygen, sulphur or NR' ; Ri is hydrogen, Ci^alkyl or phenylC| jjalkyl ; and Ar is aryl or he- 
teroaryl, each of which may be optionally substituted; and salts thereof are useful in medicine, in particular as calcium 
channel antagonists. Processes for preparing compounds (I) and pharmaceutical compositions containing them are also de- 
scribed. 
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Azablcycio compounds as calcium channel antagonists 



5 The present invention relates to novel azabicyclic derivatives, processes for their 
preparation, pharmaceutical compositions containing them and their use in therapy, in 
particular as calcium channel antagonists. 

German OLS 41 16582 describes azabicyclic compounds of the formula : 

10 



wherein A, B and C independently represent -CH2- or a single bond; n is zero, 1 or 2; X is 
oxygen or sulphur and R is inter alia phenylalkyl, diphenylalkyl, hetcrocyclicalkyl, phenyl, 
15 diphenyl or a heterocycle, each of which may be optionally substituted. These compounds 
are said to be useful as muscarinic agonists. 

We have now found novel azabicyclic compounds, substitued at the bridgehead carbon 
atom, which have activity as calcium channel antagonists. 




20 



In a first aspect, the present invention provides, a compound of formula (I): 



(CH2)p (CH2)p {CH2), 





25 



Formula (I) 



in which 



p, q and r each independently represent an integer from 1 to 4; 
n is 0 to 6; 
m is 0 to 6; 
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A is a bond, -CH=CH-, -OC-, oxygen, sulphur or NR^; 

r1 is hydrogen, Ci-galkyl or phenylCi^alkyl; and 

Ar is aiyl or heteioaryl, each of which may be optionally substituted; 

S and salts thereof. 

p and r are preferably 2 or 3. 

q is preferably 1 or 2. 

10 

The values of n, m and A should be chosen such that the length of the chain 
-(CH2)nA(CH2)m is at least two atoms. In general the length of the chain 
.(C3l2)nA(CH2)in is &om 2 to 6 e,g. 2 to 5 atoms. Preferred values for n and m dq>end 
on the group A. Thus for example, when A is oxygen the sum of n+m is from 1 to 5, for 
15 exaiiq}le n may be zero, 1 or 2 and m may be zero or 1 to 5. 

A is preferably oxygen or a bond, most preferably oxygexi. 

When At represents aryl, suitable groups include, for example, unsaturated monocyclic 
20 and unsaturated or partially saturated bicyclic or tricyclic ring systems of up to 15 carbon 
atoms, such as, for example, phenyl, naphthyl, teirahydronaphthyl, fluorene, fluorenone, 
dibenzosuberene and dibenzosuberenone . Preferred are qpdonally substituted phenyl 
rings. 

25 An aryl group may be substituted, for example, by a Ci.2alkyl«»edioxy group (e.g. phenyl 
substimted by a 3,4-mcthylenedioxy group) or by 1 to 3 subsrituents selected from 
halogen, Ci^alkoxy, nitro, SCi^alkyl, NR^R^^ (in which R^^ and R^b can be 
independently H or Ci^alkyl), OCP3, Ci.6allcyl, trifluoromethyl, CN, optionally 
substimted phenyl, optionally substituted phenoxy, optionally substimted phenylCi^alkyl 

30 and optionally substituted phenylCj^alkoxy. 

Suitable optionally substituted phenyiCx^alkyl groups include, for example benzyl. 
Suitable optionally substimted phmylCi^alkoxy groups include, for example benzyloxy 
groiq)S. 

35 

Suitable substiments for said optionally substimted 

phenyl, phenoxy, phenylCj^alkyl and phenylCi.4alkoxy groups include for example 
halogen, Ci-4alkyl, Ci^alkoxy, nitro and trifluoromethyl groups. 
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Preferably the aryl group Ar is a phenyl ring substituted by one or two substituents, in 
particular, by a phenyl, phenyl(Ci.4)alkyl e.g. benzyl, phenoxy or phenylCi^alkoxy, e.g. 
benzyloxy group; or by two chloro atoms especially in the 3- and 4-positions of the phenyl 
5 ring. 

When Ar represents heieroaryl suitable groups include, for example, unsaturated or 
partially saturated bicyclic and tricyclic ring systems containing at least one heteroatom. 
A bicyclic ring system preferably contains 8 to 10 ring members, such as quinolinyl, 
10 tetrabydroquinolinyl or benzofuranyl. A tricyclic ring system preferably contains fit>m 11 
to 15 ring members, and most preferably has the structure : 



1 




15 

wherein represents Y(CH2)t» Y is O, S or NR3 (where r3 is hydrogen or Ci.4alkyl), Z 
is (CH2)s or -CH=CH% s is 0, 1 or 2 and t is 0 or 1 or is a corresponding dchydro ring 
system. Examples of tricyclic heteroaiyl groups include dibenzofiiranyl, dibenzothienyl, 
carbazole, N-methylcarbazole, acridine and dibenzoxepine . The betooaiyl ring can be 
20 linked to the remainder of formula (I) via any suitable ring atom. 

Suitable substituents for said heteroaryl rings include, for example, 1 to 3 substituents 
selected from halogen, trifluoromethyl, Ci^alkyl, Ci.4alkoxy, phenyl, phenylCj^alkyl, 
and phenylCi.4alkoxy. 

25 

Alkyl groups present in the compounds of formula (I), alone or as part of another group, 
can be straight or branched. Thus a Cj^alkyl group may be for example methyl, ethyl, 
n-propyl, n-butyl or any branched isomer thereof such as isopropyl or t-butyl. 

30 It will be appreciated that for use in medicine a salt of a conq)ound (I) should be 
phaimaceutically acceptable. Examples of phaimaceudcally acceptable salts include 
inorganic and organic acid addition salts such as hydrochloride, hydrobromide, sulphate, 
phosphate, acetate, fumarate, maleate, citrate, lactate, tartrate, oxalate, methanesulphonate 
or similar pharmaceutically acceptable inorganic or organic acid addition salts. Other non- 
35 pharmaceutically acceptable salts may be used for example in the isolation of the final 
product and are included within the scope of this invention. 
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Particolar compounds of the invention include: 

4-[2-(3,4-dichlorophenoxy)ethyl3-l-azabicyclo[2.2,l]heptanc hydrochloride, 
5 ^^[2.(4-benzyloxyphenoxy)ethyl]-l-a2abicyclo[2^.1]heptane hydrochloride, ^ 
4-[2-(2-dibenzofuranyloxy)ethyl]-l-azabicyclo[2.2.1]heptane hydrochloride, 
(±)5-(4-b€aizyloxyphenoxymethyl)-l-azabicyclo[3,2.1]octanc hydrochloride, 
(±)5-(4-benzylphenoxymethyl)-l-azabicyclo[3uL l]ociane hydrochloride, 
(±)5-(2-diben2ofuranyloxy)meihyl- l-azabicyclo[3.2. l]octane hydrochloride, 
10 (±) 5-[2-(2-dibenzofuranyloxy)ethyl]-l-azabicyclo[3.2.1]octane hydrochloride, 
4-[2-(4-phenoxyphenoxy)ethyl]-l-a2abicyclo[2.2. l]heptane hydrochloride, 
4-[3-(4-benzyloxyphenyl)propyloxymethyl]-l-azabicylo[2.2. l]heptane hydrochloride, 
4-[5-(4-phenoxyphenyl)pentyloxy]-l-a2abicyclo[2.2. l]heptanc hydrochloride, 
4-(4-benzyloxyphenoxymethyI)- 1 -azabicyclo[2.2. l]heptane hydrochloride, 
15 4-[4-(4-phenoxyphenyl)butyloxy]-l-azabicyclo[2.2.1]heptane hydrochloride, 

4-[3-(4-benzyloxyphenyl)pn}pyloxy]-l-azabicyclo[2^.1]heptane hydrochloride, and 
4-[5-(4-benzyloxyphenyl)pentyloxy]-l-a2abicyclo[2.2.1]hcptane hydrochloride. 

It will be appreciated that certain compounds of formula (I) may contain one or more 
20 asymmetric centres, for example where p, q and r all have different values. Such 
compounds will exist as optical isomers (enantiomers). Both the pure enantiomers, 
racemic mixtures (50% of each enantiomcr) and unequal mixtures of the two are included 
within the scope of the invention. Further, all diastoeomeric forms possible (pure 
enandomers and mixtures diereof) are within ±e scope of the invention. In addition, when 
25 A represents -CH=CH- the compounds wfll exist as geometric isomers, and the invention 
encompasses all such isomers and mixtures thmof. 

The compounds of the present invention can be prepared by processes analogous to those 
known in the art The present invention therefore provides in a further aspect, a process 
30 for the preparation of a compound of formula (I) which comprises: « 



(a) for compounds of formula (I) in which A is O, S or NR^, reaction of a compound 
of formula (11): 
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(CH2)„A H 



(CH2)p (CHj), (CHj), 



Formula (II) 

5 

in which p, q, r and n are as described for fonnula (I) and is O, S or NR^ with a 
compound of formula L(CH2)niAr in which m and Ar are as described for formula (I), and 
Lis a leaving group; 

10 (b) for compounds of formula (I) in which A is O, S or NR^, reaction of a compound 
of formula (IE): 



15 



(CH2)„L 




(CH2)p (CH^), (CH2), 
Formula (HI) 



20 



in which p, q, r and n are as described for formula (I) and is a group displaceable by a 
nucleophile, with a compound of fomiula HAl(CH2)inAr where m and Ar are as 
described for formula (I) and A Ms as described for formula (11); or 

(c) for compounds of fonnula (I) in which A is NR} , reduction of a compound of 
formula (IV) : 




25 



{CH2)p (CH2), (CHj), 
Formula (IV) 
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in which iqnesents the group 

-(CH2)nN(Rl)C(0)(CH2)m-lAr or -(CH2)n-lC(0)N(R»)(CH2)mAr. 

5 

and p, q, r, n, m, and Ar are as described for formula (I); 

(d) for compounds of formula (I) in which A is a bond, reaction of a compound of 
formula (V) : 

10 




(CH2)p (CHa), 

Formula (V) 

15 (wherein , p, q, r, m and n aie as h^inbefore defined). 

with a compound of formula Ar in which Ar is as described for formula (I), and is 
an alkali metal; 

20 (e) For compounds wherein A is *CH=CH- reaction of a compound of formula (VI) 

,(CH2)„CHO 




(CH^)^ (CH^), (CHj,), 
Formula (VI) 

25 

(u^ei^n n. p, q and r are as hereinbefore defined) with areagoit serving to introduce the 
group Ar; 
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(f) Interconvcrsion of one compound of formula (I) to a different compound of 
formula (L) e.g. the reduction of a compound wherein A is -CH=CH- to a compound 
wherein A is -CH2CH2-; 
and optionally thereafter forming a salt 

5 

In process (a) the reaction between a compound of formula (II) and a compound 
L(CH2)niAr can take place under conditions which depend on the namre of the group L 
and the value of m. For example, when L is halogen or a sulphonic acid residue such as a 
tosylate or mesylate and m is other than zero, the reaction is carried out under standard 

10 conditions in a solvent, optionally in the presence of a base. When a fluoro-substituted 
aryl compound F-Ar is employed in process (a), (to prepare compounds where m is zero) 
the reaction is effected in the presence of a strong base such as sodium hydride, and in an - 
inert organic solvent such as dimethylformamide. Preferably the aryl group is substituted 
by an activating group such as CF3 or NO2. If necesary, the azabicyclic nitrogen atom 

15 may be protected during the reaction by methods well known in the art, e.g. by prior 

formation of a quaternary derivative such as an N-benzyl derivative. Protection may also 
be effected by formation of a borane (BH3) complex. It will be appreciated that the N- 
protecting group should be chosen such thai it can be removed without affecting other 
moieties in the molecule. Thus for example a benzyl protecting group may not be 

20 appropriate when the side chain (CH2)nA(CH2)xnAr also contains a benzyl moiety such as 
a benzyloxy group. In general, N-protection is preferred when tiie leaving group L 
represents halogen, e.g. bromine, but when L is a sulphonic add residue e.g. a tosylate, N- 
protection may not be necessary. 

25 The reaction between a compound of formula (III) and a compound of formula 

HAl(CH2)mAr (process (b)) can take place under conditions which depend on the nature 
of and A. For example when is hydroxy, m is 0 and A^ is oxygen or sulphur the 
reaction is carried out in the presence of diethyl azodicarboxylate and triphenyl phosphine. 
Such a reaction is known as the Miisunobu reaction (as described in Synthesis 1981, 1). 

3D Alternatively the leaving group may be for example a halogen atom or a sulphonyloxy 
group eg. methane-sulphonyloxy orp-tolucne sulphonyloxy in which case the compound 
(m) may preferably be protected, e.g. as an acid salt such as a hydrochloride salt. 
Reaction may be effected in the presence or absence of solvent, at a temperature in die 
range 0 to 200^C, and may preferably be carried out in the presence of a base. 

35 

The reduction of a corhpound of formula (IV) according to process (c) can be effected by 
methods known in the art, for example using a reducing agent such as lithium aluminium 
hydride. Convenientiy a compound of formula (IV) can be prepared (for example as 
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described below) and reduced in a 'one-pot' reaction, without isolaiion of compound (IV) 
itself. 

The reaction between a compound of formula (V) and a compound of formula Ar in 
5 process (d) can take place under standard conditions known to Aose skilled in Ae art for 
die formation of carbon-carbon bonds. 

Process (e) may be effected using a Wadsworth-&nmons reagent for example of die 
formula Ar(CH2)m+lP(0)(OAlk)2, such as a diethylphosphonate, or a Wittig reagent of 
die formula Ar(CH2)m+lPPh3X (where X is an anion) which compounds are available 
commercially or can be prepared by known metfiods. The reaction may be Carried out in a 
solvent such as tetrahydrofuran, optionally containing a crown etfier such as 15-ctDwn-5, 
or 18-crown-6. and in die presence of a strong base such as sodium hydride, or potassium 
t-butoxide. 



10 



15 



20 



2S 



Interconvendon reactions according to process (f) may be effected by mcdiods weU known 
in the art Thus for exan^le coovwsion of a conq)ound (I) wherein A represents 
-CH=CH- into a compound (1) wherein A represents-CH2-CH2- may be effected by 
catalytic reduction. 

Compounds of formula (H) wherein n is 1-6 and A^ is oxygen can be prepared by 
reduction of the corresponding ester of formula (VII) : 



.(CH2)„.,CPjAlk 




(CH2)p (CH2)q (CHa), 
Formula (VH) 



wherein p, q and r are as hereinbefore defined and Alk is a Ci^^alkyl group e.g. ediyl. 

The reduction may be effected using a reducing agent such as Udrium aluminium hydride 
30 in a solvent such as diediyletiier or tetrahydrofuran. Esters of formula (VII) wherein n is 
1 arc described for example in European Patent AppKcations 287356 and 392803 and by 
Eckhardt aalHelv. Chim Acta. 1972. 55, 2432. and B.S. Orick et al., J. Med. Chem., 
1991. 34. 2726. Esters wherein n is greater than 1 may be prepared by conversion of an 
ester wherein n is 1 to die corresponding N-mediyl-N-metfioxycarboxamide (e.g. by 
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hydrolysis of the ester followed by reaction with thionyl chloride and 
NfOdimethylhydxoxylamine hydrochloride), which is then reduced to the aldehyde using 
diisobutylaluminium hydride. The alddiyde is further converted to the cyanomethyl 
derivative for example as described in EPA 36308S, followed by acid hydrolysis, and 
5 esterificadon to form an ester wherein n is 2. The sequence may be repeated to foim 
higher homologues. 

Alternatively compounds of formula (II) may be prepared by reacdon of an aldehyde of 
formula (VI) with trietfaylphosphonoacetate or triethylphosphonocrotonate» followed by 
10 catalytic hydrogenauon to give an ethoxycarbonylalkyl derivative which is further reduced 
e.g. using lithium aluminium hydride, to the desired hydroxyalkyl compound. It will be 
appreciated that use of triethylphosphonoacetate results in a 2-carbon homologation whilst 
triethylphosphonociotonate gives a 4-carbon homologation. 



15 Compounds of formula (II) wherein n is zero and p and r are both 2 may be prepared from 
l-benzyl-4-piperidone, by a variety of methods. For example, a compound (H) wherein r 
is 1 may be pr^aied according to the following reaction scheme : 




CHzPh 



(CH3)3SO+I- 

► 

NaH/DMSO 





(1) HC02H 

(2) NaHCOj 



CHaPh MeOH-HjO 



(1) tosyl 
choride/ 
pyridine 

(2) reflux/toluene 



H2/10%Pd.C 

Ethanol 
< 





OTs" 



CHjPh 



20 



Alternatively the l-benzyl-4-piperidone may be converted to the 4-hydroxy-4- 
hydroxymethyl compound by the method described in EPA 188255, via ccnresponding 
cyano and ester d^ivatives. 
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A compound of formula (H) wherein n is zero, and p, q and r are each 2 may be prepared 
by the method of CA. Grob and P. Brenneisen (Helv. Chim. Acta., 41, 1184, 1958) in 
which l-ben2yl-4-piperidone is reacted with zinc and ethylbromoaceiate to give the 
conesponding 1-hydroxy-l-ethoxycarbonylmethyl derivative which is reduced using 
5 lithium aluminium hydride to the l-hydroxy-l-hydroxyethyl compound and then treated as 
above to effect cyclisation and deprotection. 

Compounds of formula (II) wherein n is zero, p is 3, r is 2 and q is I, may be prepared as 
described in EPA 287356. 

10 

Compounds of formula (U) wherein A^ is S or NRI may be prq)ared firom the 
corre^onding hydroxy compound by standard methods, for example via foroiation of an 
alkyl halide followed by reaction wiA an appropriate amine or thiol. 

15 Compounds of formula (III) wherein is OH can be prepared as described for 

compounds of formula (H), and compounds of formula (HI) wherein is a halogen atom, 
or a mesyloxy or tosyloxy group can be prepared from the corresponding alcohol in 
conventional manner. 



20 The compounds of formula L(CH2)iiiAr and HAl(CH2)inAr may be prepared by standard 
methods well known in the art For example compounds L(CH2)niAr wherrin Ar is a 
substituted phenyl group and L is halo, e.g. bromo, may be prepared by Friedel-Crafts 
acylation of the corresponding substituted benzene derivative, using an appropriate acid ^. 
chloride and catalysed by aluminiurd oichloride, followed by reduction in 2ilU with 

25 trietfaylsilane. 

When Ar represents a phenyl group substitued by benzyloxy compounds LiCR'^^Ai may 
be prepared according to the following scheme : 

OCHjPh 

PhCHgBr ^^J^ tosyfchtoride 

KgCQa f l] pyridine 



30 





(CH2)nOH 




The starting materials are available commercially or may be prepared by standard 
methods, e.g. by reaction of 4-benzyloxybenzaldehyde with triethylphosphonocrotonate in 
a similar manner to that described for the preparation of compounds (II). 
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Compounds of formula (IV) wherein is a group 

-(CH2)nN(R^)C(0)(CH2)ni-l Ar can be prepared by reacting a compound of formula (11) 
wherein represents NR^ with an acylating agent corresponding to the group - 
5 (CH2)niAr, for example an acid chloride aOC(CH2)m- 1 Ar. 

Compounds of fonnula (IV) wherein is a group 

-(CH2)n-lC(0)N(Rl)(CH2)niAr may be prepared for example by reaction of a 
corresponding compound wherein R^ represents •(CH2)n-iC02H or an activated 
10 derivative tiiereof such as an acid halide, ester or anhydride, with an amine of formula 
HN(Rl)(C3H2)ni Ar. It will be appreciated that when the acid itself is employed, reaction 
with the amine should be effected in the presence of a coupling agent. The carboxylic add 
may itself be prepared for example by oxidation of the corresponding alcohol, ie. a 
compound of formula (II) wherein A^ is oxygen. 

15 

Compounds of formula (V) may be prepared in analogous manner to compounds of 
formula (HI); where necessary the chain length may be increased using methods well 
known in the art. 

20 Compounds of formula (VI) may be prepared by conventional methods, for example the 
oxidation of a compound of formula (11) wherein is oxygen, or conversion of the 
corresponding ester, e.g. via die corresponding N*methyl-N-methoxycarboxamide and 
reduction with diisobutylaluminium hydride, as described hereinabove. Compounds of ^ 
formula (VI) wherein n is 1 may be prepared from the corresponding compound wherein n 

25 is zero by various methods. For example the aldehyde wherein n is zero may be treated 
with (methoxymethyl) triphenylphosphonium chloride and potassium t*butoxide, followed 
by a strong acid, e.g. concentrated sulphuric acid, resulting in the aldehyde wherein n is 1. 
Alternatively the aldehyde may be converted to the corresponding cyanomethyl derivative 
as described in EPA 363085 followed by acid hydrolysis, conversion to the N-methyl- 

30 N-methoxycarboxamide and reduction. These procedures may also be used to form high^ 
homologues. 

When a compound of formula Q) is obtained as a mixture of enantiomers, these may be 
separated by conventional methods such as crystallisation in the presence of a resolving 
35 agent, or chromatography, for example using a chiral HPLC column. 

The compounds of the invention have been found to exhibit high calcium influx blocking 
activity for example in neuronal cells. As such the compounds are expected to be of use in 
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therapy in treating conditions and diseases related to an accumulation of calcium in the 
brain cells of mammals, in particular humans. For example, the compounds axe e}q>ected 
to be of use in the treatment of anoxia, ischaemia including for example stroke, migraine, 
epilepsy, traumatic head injury, AIDS-related dementia, neurodegenerative diseases such 
5 as Alzheimer's disease and age-rclated memory disorders, and drug addiction withdrawal 
such as ethanol addiction withdrawal 

In a further aspect of the invention there is therefore provided a method of treatment of 
conditions or diseases related to (e.g. caused or exacerbated by) the accumulation of 

10 calcium in the brain cells of mammals (e.g. humans) which comprises administering to a 
subject in need thoreof an effective amount of a compound of formula (I) or a 
pharmaceutically acceptable salt thereof. Thus for example, the present invention 
provides a method of treatment of anoxia, ischaemia including for example stroke, 
migraine, epilepsy, traumatic head injury, AIDS-related dementia, neurodegenerative 

15 diseases such as Alzheimer's disease and age-related memory disorders, and drug addiction 
wi±drawal such as ethanol addiction withdrawal, which comprises administering to a 
subject in need thereof, an effective amount of a compound of formula (1) or a 
pharmaceutically acceptable salt thereof. 

20 In a yet further aspect the invention also provides the use of a compound of formula (I) or 
a pharmaceutically acceptable salt thereof in the manufacture of a medicament for the 
treatment of a condition or a disease related to (e.g. caused or exacerbated by) die 
accumulation of calcium in die brain cells of a mammal (e.g. a human). 

25 For use in medicine, the compounds of the present invention are usually administered in a 
standard pharmaceutical composition. The present invention therefore provides in a 
further aspect pharmaceutical compositions comprising a compound of formula (I) or a 
pharmaceutically acceptable salt thereof and a pharmaceutically acceptable carrier or 
excipient 

30 

The compounds of the invention may be administered by any convenient method, for 
example by oral, parenteral, buccal, rectal or transdermal administration, and the 
pharmaceutical compositions adapted accordingly. 

35 The compounds of formula (I) and their pharmaceutically acceptable salts which are active 
when given orally can be formulated as liquids, for example syrups, suspensions or 
emulsions, tablets, c^sules and lozenges. 
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A liquid formulation will generally consist of a suspension or solution of the compound or 
pharmaceutically acceptable salt in a suitable liquid carrier(s) for example, ethanoK 
glycerine, non-aqueous solvent, for example polyethylene glycol, oils, or water with a 
suspending agent, preservative, flavouring or colouring agent. 

5 

A composition in the form of a tablet can be prepared using any suitable pharmaceutical 
canier(s) routinely used for preparing sohd formulations. Examples of such carriers 
include magnesium stearate, starch, lactose, sucrose and cellulose. 

10 A composition in the form of a capsule can be prepared using routine encapsulation 
procedures. For example, pellets containing the active ingredient can be prepared using 
standard carriers and then filled into a hard gelatin capsule; alternatively, a dispersion or 
suspension can be prepared using any suitable pharmaceutical carrieF(s), for example 
aqueous gums, celluloses, silicates or oils and the dispersion or suspension then filled into 

15 a soft gelatin capsule. 

Compounds of the invention may also be administered parenterally, by bolus injection or 
continuous infusion. Typical parenteral compositions consist of a solution or suspension 
of the compound or pharmaceutically acceptable salt in a sterile aqueous carrio" or 
20 parenterally acceptable oil, for example polyethylene glycol, polyvinyl pyrrolidone, 

lecitiiin, arachis oil or sesame oil. Alternatively, the solution can be lyophilised and then 
reconstituted with a suitable solvent just prior to administration. 

Both liquid and solid compositions may contain other excipients known in the 
25 pharmaceutical art, such as cyclodextrins. 

Preferably the composition is in unit dose form such as a tablet, capsule or ampoule. 

Each dosage unit for oral administration contains preferably from 1 to 250 mg (and for 
30 parenteral administration contains preferably from 0.1 to 60 mg) of a compound of the 
formula v'l) or a pharmaceutically acceptable salt thereof calculated as the free base. 

The aai}y dosage regimen for an adult patient r ay be, for example, an oral dose of 
between 1 mg and 500 mg, preferably be> 'k-^- 1 mg and 250 mg, eg, 5 to 200 mg or an 
35 intravenous, subcutaneous, or intramuscular ::ose of between 0. 1 mg and 1 00 mg, 

preferably between 0.1 mg and 60 rag, eg. i to 40 mg of the compound of the formula (I) 
or a pharmaceutically acceptable salt thereof calculated as the free base, the compound 
being administered 1 to 4 times per day. Alternatively the compounds of the invention 
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may be administered by continuous intravenous infusion, preferably at a dose of up to 
400 mg per day. Thus the total daily dosage by oral administration will be in the range 1 
to 2000 mg and the total daily dosage by parenteral administration will be in the range 0.1 
to 400 mg. Suitably the compounds will be administered for a period of continuous 
5 therapy, for example for a week or more. 

BIOLOGICAL DATA 

Ca^+ Current Measurement 

10 

Cell preparations 

Sensory neurons from dorsal root ganglia were dissociated from 1 day old rat pups (Foida 
et al. Devdopmental Brain Research, 22 (1985), 55-65), Cells were plated out onro glass 
coverslips and used within 3 days to pemiit effecdve voltage clamp of Ca^**" currents. 

15 

Solutions 

The pipette (internal solution) contained in mM: CsCl, 130; HEPES, 10; EGTA, 10; 
MgCL^, 4; ATP, 2; buffered to pH 7.2 with CsOH. Cells were bathed in a normal 
Tyrodes solution before establishment of whole cell recording when the bathing soludon 

20 was changed to one allowing isolation of C^^*^ currents. The external soludon for 

recording Ca2+ channel currents contained in mM: BaCL^, 10; TEA-Cl, 130; glucose, 
10; HEPES, 10; MgCL^, 1; buffered to pH 73 with TEA-OH. Barium was used as the 
chaige carrier as this assists in current isolation and calcium dependent inactivation of 
cuiient is avoided. Compounds were dissolved in DMSO to make a 20 mM stock 

25 solution. At the dmg concentration used the vehicle (0. 1 %) had no significant e£Bsct on 
Ca^"*" currents. All experiments were performed at 21 to 24''C. Whole cell currents were 
recorded using List EPC-7 amplifiers and stored, digitised for lair analysis using PC 
based software similar to that described previously (Benham & Tsien, Journal of 
Physiology (1988), 404, 767-784). 

30 

Ca^"*" currents 

Peak voltage gated Ca^"*" channel cunents of up to 10 nA from dorsal root ganglion 
neint>ns were recorded using 10 mM Ba^"^ as diarge carrier. Currents were evoked from 
a holding potential of -80 mV to a test potential of 0 or +10 mV every 15 seconds. This 
35 test potential was at the peak of the current voltage relationship and assessing block at Ais 
point reduced any errors due to drifting holding potential. Some cells showed slow 
mndown of current as is commonly seen when recording Ca^"*' cmients. The rundown 
rate was measured in control conditions and extrapolated through the time of drug 
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application to derive a control value to relate the drug affected current to. Block by 20 
drug was assessed 3 minutes after drug applicadon. 

Compounds of the invention gave percentage inhibition of plateau Ca^'*' current in the 
5 range 71 to 99%. 



r 
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PHARMACEUTICAL FORMULATIONS 
L Formulatioii for intravenous infusion 

5 Compound of formula (I) 0.1- 60 mg 

Sodium hydroxide/hydrochloric acid to pH ca 7 

polyethylene glycol 0 - 30 ml 

propylene glycol 0 - 30 ml 

alcohol 0-10 ml 

10 water to 100 ml 

2. Formulation for bolus injection 

Compound of formula (I) 0.1 - 60 mg 

15 sodium hydroxide or hydrochloric add to pH ca 7 

polyethylene glycol 0 - 2.5 ml 

alcohol 0 - 2.5 ml 

water to 5 ml 

20 A tonicity adjusting agent eg. sodium chloride, dextrose or mannitol may also be added. 

3. Tablet for oral administration 

mg/tablet 

25 Compound of formula (I) 25 

lactose 153 

starch 33 

crospovidone 12 

microciystalline cellulose 30 

30 magnesium stearate ^ 

2^ 
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The following non-limiting examples illustrate the preparation of compounds of formula 
(I) 

Preparation 1 

5 4-(Methoxycarbonylniethyl)-l-azabicyclo[2.2.1]heptane 

A solution of 4-(cyanoniethyl)-l-azabicyclo[2.2.1] heptane (EP 363085, Description 25) 
(1.94g, 14.3mniol) in 5N hydrochloric acid (25nil) was heated under reflux for 12h. The 
reaction mixturc was concentrated in vacuo, then coevaporated with toluene to leniove the 

10 last traces of water. The residue was dissolved in methanol (50ml), treated with IM 
ethereal hydrogen chloride then heated at reflux for 2h. The solution was concentrated 
in vacuo, treated with aqueous potassium carbonate (25ml) and extracted into chloroform 
(3x25ml). The combined organic extracts were dried over sodium sulphate, concentrated 
in vacuo and the oil produced was distilled to afford the title compound as a clear oil 

15 (2Jg, 87%) b.p. ns'^C, 0.4mm Hg (KugehxJhr). 

1h Nmr (CDCI3) 5: 1.28-1.42 (2H, m), 1.49-1.64 (2H, m), 2.37 (2H, s), 2,52-2,71 (4H, 
m), 2.87-3,02 (2H. m), 3.67 (3H, s). 

20 Preparation 2 

4-(2-Hydroxyethyl)-l-azabicyclo[2.2.1]heptane 

A solution of 4-(methoxycarbonylmeihyl)-l-a2abicyclo[2.2.1]heptane (2.1g, 12.4ramol) in 
dry diethyl ether (10ml) was added to a sriired suspension of lithium aluminium hydride 

25 (0.94g, 24.9mmol) in dry diethyl ether (70ml), under niuxjgen. The reaction was stirred at 
room temperature for 2.5h and then quenched by careful addition of the minimum amount 
of water. The reaction was filtered and the precipitate washed thoroughly with 20% 
methanol in diethyl ether. The combined filtrate and washings were concentrated in vacuo 
and the residue was distilled to afford the title compound as a white solid (1.49g, 85%) 

30 b.p. 155*'C. 0.3mm Hg (KugelrOhr). 



iH Nmr {CDCI3) 5: 1.20-1.35 (2H. m), 1.42-1.57 (2H, m), 1.94 (2H, t, J=:7Hz), 2.29 (2H, 
m), 2.39-2.80 (3H, m), 2.84-3.00 (2H, m), 3.72 (2H, t. J=7Hz). 
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Preparation 3 

(±)5-HydroxyTnethyl-l-azabicydo[3^.1]octane 

The title compound was prepared in a similar manner to Preparation 2 from (±)ethyl 1- 
5 a2abicyclo[3.2.1]-oct-5-yl carboxylate (EP 287 356, Example 7) (2g, 10.9mmol) and 
lithium aluminium hydride (0.83g, 21.9mmoI). This afforded the tifle compound as a 
clear gum (1.24g, 80%) b.p. 150°C, OJnmiHg (Kugelrohr). 

Preparation 4 
10 Gfc) 5-(2-Hydroxyethyl)-l-azabicyclo[3.2.1]octane 

The tide compound was prepared in a similar manner to Preparation 2 from (+) 5- 
methoxycarbonylmethyl-l-azabicyclo[3^.1]octane (EP 363085, Description 11) <0.74g, 
4.0 mmol) and lithium aluminium hydride (0,46g, 12.1 mmol). This afforded the title 
15 compound as a clear oil (0.54g. 87%) b.p, 200^0, 02 mm Hg (Kugelrohr) 

1h Nmr (CDCI3) 5: 1.37-1,82 (8H, m, overlapping signals), 2.43-3.05 (6H, m, 
overlapping signals), 3.68 (2H, t, J=7H2) 

20 Preparation 5 

4-HydroxymethyI-l-azabicyclo[2*2.11heptane 

The tide compound was prepared in a similar manner to Preparation 2 from methyl I- 
a2abicyclo[2.2.1]hept-4-yl carboxylate (B.S. Orlek et aL, J. Med. CSiem., 1991, 34, 2726) 
25 (3.13g, 20.2 mmol) and lithium aluminium hydride (1.92g, 50.6 mmol). This afforded the 
titte compound as a colouriess soUd (L76g. 69%) b.p. 250^0, 0,3 mmHg (Kugelrdir). 

iH Nmr (CDCI3) 5: 1.27 (2H, m), 1.65 (2H, m). 2.32 (2H, s), 2.62 (2H. m), 2.94 (2H. 
m). 3.72 (IH, br s). 3.87 (2H, s) 

30 

Preparation 6 

l-Benzy|-4.hydroxymethyl-4-hydroxypiperidine 

To a suspension of sodium hydride (4.76g of an 80% dispersion in mineral oil, 0.159 mol) 
35 in dry dimethyl sulphoxide was added trimethyl sulphoxonium iodide (34.92g, 0.159 mol) 
over 1.5h. The mixture was stirred for Ih, then cooled in ice and treated with a solution of 
l-benzyl-4-piperidone (25g, 0.132 mol) in dry dimethyl sulphoxide (25 ml). The reaction 
was allowed to warai to room temperature and stirred for a further Ih. The mixture was 
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diluted widi water (500 ml) and extracted into diethyl ether (3x250 ml). The comitmied 
cn^anic extracts were washed with brine, dried over sodium sulphate and concentrated in 
vacuo. The residue was extracted into pentane and purified by distillation to give a clear 
oil (22.48g) b.p. 175^0, 0.1 mm Hg (Kugctoohr). A solution of diis epoxide in formic 

5 acid (100 ml) was stirred at room tranperature overnight, dien concentrated in vacuo. The 
residue was dissolved in methanol (200 ml), treated with a solution of sodium bicarbonate 
(30g) in water (100 ml) and stixied at room temperature for 21h. The reaction was 
concentrated to approximately one third the original volume, saturated with potassium 
carbonate, and extracted exhaustively with chloroform. The combined extracts were dried 

10 over sodium sulphate and concentrated in vacuo to give the title compound ^.5 g). 

Preparation 7 

l-BenzyM-azoniabicyclo[2.2.1]heptan-4-ol p-toluenesulphonate 

15 A solution of l-ben2yl-4-hydroxymethyl-4-hydroxypipcridine (16,8g, 0.076 mol) in 
pyridine (150 ml) at (PC was treated portionwise over 10 min with p-toluenesulphonyl 
chloride (14.86g, 0.078 mol) and the resulting solution was stored ovCTiight at 8^C. The 
reaction was concentrated in vacuo and the residual oil was dissolved in chlOTofomi and 
washed with saturated aqueous potassium carbonate. After drying over sodium sulphate 

20 the soludcm was concentrated tnvociu?. Theresidualcnl was dissolved in dry toluene and 
heated under reflux for 1.5h. The product was isolated by filtration and washed wiA 
diethyl ether to give the titte compound as a beige solid (23.3g, 81%) 

Preparation 8 
25 4-Hydroxy-l-azabipyclo[2.2.1]heptane 

A solution of l-benzyl-l-azoniabicycloI2.2,l]heptan-4-ol p-toluenesulphonate (5.0 g, 13.3 
mmol) in ethanol (100 ml) was hydrogcnated over 10% Pd-C (1.0 g) at atmospheric 
pressure for 18h. The catalyst was ranoved by filtration through kieselguhr, and die 
30 filtrate was concentrated in vacuo. The residue was partitioned between saturated aqueous 
potas^um carbonate (20 ml) and chlc^cnm (25 ml) and the aqueous layer was extracted 
exhaustively with chloroform. Hie ccmibined organic extracts were dried over sodium 
sulphate, concentrated in vacuo and distilled to give the title compound as a colourless 
soUd (1.2g, 80%). b.p. 1750C Omgdrohr). 

35 

iR Nmr CDCI3) 5: 15% (2H, m), 1.78 (2H, m), 237 (2H, s), 2.75 (2H. m), 3.17 (2H, m), 
3.65(lH,brs). 
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Preparation 9 

3-(4-BenzyIoj^phenyl)-l-propanoI 

A solution of 3-(4-hydroxyphenyl)-l-pK>panol (2^g, 16.4 mmol) in acetone (40 ml) 
5 containing potassium carbonate (5.9g, 42.75 mmol) was treated with benzyl bromide (2.54 
ml. 21.35 mmol) and refluxed for 3h. The mixture was concentrated in vacuo and 
partitioned between water (50 ml) and chloroform (50 ml). The aqueous phase was further 
extracted with chloroform (2x50 ml) and the combined organic extracts were dried over 
sodium sulphate and concentrated in vacuo. Purification by chromatography on silica 
10 uang 0-8% methanol in chloroform as eluant afforded the titte compound as a colourless 
soHd(3.92g.99%). 

iH Nmr (CDCI3) 5: 1.36 (IH, s). 1.85 (2H, m). 2.63 (2H, t, J=7Hz), 3.65 (2H, I. J=7Hz). 
5.04 (2H. s), 6.91 (2H. d, I=8H2), 7.1 1 (2H, d. J=8H2). 7.27-7.50 (5H, m). 

15 

Preparation 10 

3-(4-BenzyloxyphenyI)propyl p-toluenesulphonate 

A solution of 3-(4-benzyloxyphenyl)-l-propanol (4.15g, 17.1 mmol) in absolute 
20 chloroform (30 ml) was cooled in ice and treated with pyridine (3.92 ml, 48.5 mmol) 

followed by p-toluenesulphonyl chloride (6.16g, 32.3 mmol). The mixture was allowed to 
warm slowly to room teiiq)erature and left ov«nighL After dilution with diethyl ether ^0 
ml) die solution was washed widi IM ordjophospboric add (50 ml) followed by samraied 
aqueous potassium hydrogen carbonate (50 ml) and water (50 ml). The organic phase was 
25 dried over sodium sulphate and djen purified by chromatography on silica using 0-8% 
medianol in chloTofwm as eluant to give die title compound as a colourless solid (5.1g, 
75%). 

iH Nmr (CDCI3) 5: 1.92 (2H. q, J=7Hz), 2.45 (3H, s). 2.57 (2H. t. J=7Hz), 4.01 (2H. t, 
30 J=7Hz), 5.02 (2H, s). 6.83 (2H, d, J=8Hz). 6.97 (2H, d. J=8Hz), 7.30-7.47 C7H. m). 7.78 
(2H, d, J=8Hz). 

Preparation 11 

4-(4-Phenoxyphenyl)butyI bromide 

35 

To a stirred suspension of aluminium chloride (13.33g, 0. 1 mol) in dry dichloromethane 
(200 ml) was added dropwise over 0.5h 4-bromobutyryl chloride (1 1.6 ml, 0.1 mol). The 
resulting mixture was filtered and tiien added to a solution of diphenyl ediCT (25.5 g, 0.15 
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mol) in dry dichloromethane (150 ml) over 0.5 h. The mixture was stirred overnight and 
then treated with triethylsilane (48 ml, 0.3 mol). After 2 h the reaction was quenched 
with ice-water. The organic phase was washed with water (200 ml) followed by brine 
(2x100 ml) then dried over sodium sulphate and concentrated in vacuo. The residue was 
5 chromatographed on silica gel using 0-15% diethyl ether in 40-60 petroleum ether as 
eluant. Subsequent distillation afforded the title compound as a clear oil (22.12g, 73%) 
b.p. 146-160OC at 0.1 mm Hg. 

Ir Nmr (CDCI3) 5: 1.68-2.00 (4H. m, overlapping signals), 2.60 (2H, t, J=7Hz), 3.42 
10 (2H, t, J=7Hz), 6,86-7.40 (9H, m). 

Preparation 12 

5-(4«Phenoxyphenyl)pentyl bromide 

15 The title compound was prepared in a similar manner to Preparation 1 1 from 5- 

bromovaleryl chloride (13.39 ml, 0.1 mol), aluminum chloride (13.33g, 0.1 mol), diphenyl 
ether (25.5g, 0.15mol) and triethylsilane (48 ml, 0.3 mol). This afforded the title 
compound as a clear oil (17.56g, 55%) b.p. 165-180^0 at 0.2 mm Hg. 

20 Ifl Nmr (C35C13) 5: 1.36-1,75 (4H. m. overlapping signals), 1.88 (2H, m), 2.60 (2H. t, 
J=7Hz). 3.40 (2H, t, J=7H2), 6.86-7.38 (9H, m). 

Preparation 13 

5-(4-Hydroxyphenyl)-l-pentanol 

25 

A solution of 4-benzyloxybenzaldehyde (5.0g, 23.56 mmol) and trietiiyl 4-phosphono- 
crotonate (7.07g, 28.25 mmol) in dry tetrahydrofuran (50 ml) was added dropwise to a 
stirred ice cold slurry of sodium hydride (0.78g of an 80% dispersion in mineral oil, 26.0 
mmol) in dry tetrahydrofuran (50 ml) containing 15-crown-5 (0,1 8g). The mixture was 

30 allowed to warm to room temperanire. After Ih the reaction was quenched with glacial 
acetic acid (5ml) and concentrated in vacuo. The residue was partitioned between water 
(50 ml) and chlorofonn (100 ml). The aqueous layer was further extracted with 
chloroform (2x50 ml) and the combined organic extracts were dried over sodium sulphate 
and concentrated in vacuo. Crystallisation from ethyl acetate-pentane afforded a pale 

35 yellow solid (5.77g) which was dissolved in edianol (100 ml) and hydrogenated at 
atmospheric pressure over 10% Pd-C (Ig). After 3 h the reaction mixture was filtered 
through kieselguhr and then concentrated in vacuo to give ethyl 5-(4- 
hydroxyphenyl)pentanoate as a clear oil (4.08g). A solution of tiiis ester in dry diethyl 
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ether (10ml) was added diopwise to a sdired suspension of lithium aluminum hydride 
(2.08g, 54.8 mmol) in dry diethyl ether (150 ml). After 2.5h the reaction was quenched 
with wet diethyl ether followed by a minimum amount of water. The reaction was filtered, 
and the precipitate was washed with methanol. The combined filtrate and washings were 

5 concentrated in vacuo. The residue was dissolved in water, acidified with 5M 
hydrochloric acid, saturated witii sodium chloride and extracted exhaustively witii 
chloroform. The combined chlorofom:i extracts were dried over sodium sulphate and 
concentrated in vacuo to give the title compound as a colourless solid. The precipitate 
was dissolved in 5M hydrochloric acid, and the solution was saturated witii sodium 

10 chloride and filtered through kieselguhr. Exhaustive ^traction with chloroform yielded 
additional product, bringing the total recov^ of the title compound to 3.04g (92%). 

1h Nmr (CDCI3) 5: 1.25 -1.80 (7H, m, overiapping signals), 2.52 (2H, t, J==7Hz). 3.62 
(2H, t, J=7Hz), 4.90 (IH, br s), 6.74 (2H, d, J=8Hz), 7.02 (2H, d, J=8Hz). 

15 

Preparation 14 

5-(4-BenzyIoxyphenyl)-l-pentanol 

A solution of 5-(4-hydroxyphenyl)-l-pentanol (3.04g, 16.98 mmol) in ethanol (40 ml) 
20 containing potassium carbonate (6.1g, 44.2 mmol) was treated with ben^l bromide 
(2.63ml, 22.07 mmol) and refluxed for Ih. The reaction mixture was concentrated in 
vacuo and die residue was partitioned between water (SO ml) and chloroform (SO ml). Hie 
aqueous phase was further extracted with chloroform (2x50 ml) and the combined organic 
extracts were dried over sodium sulphate and concentrated in vacuo. Purification by 
25 chromatography on silica using 0-8% methanol in chloroform as eluant afforded the title 
compound as a colourless solid (4.31g, 94%) 

1h Nmr (CDCl3)5: 1.15-1.70 (7H, m. overlapping signals), 2.55 (2H, t. J=7Hz), 3.62 
(2H, t, J=7Hz), 5.01 (2H, s). 6.87 (2H, d. J=8Hz), 7.07 (2H, d. J=7Hz), 7.23-7.S0 (5H, m). 

30 

Preparation 15 

5-(4-BenzyIoxyphenyl)pentyi p-toluenesulphonate 

35 The title compound was obtained using the procedure described in Preparation 10 from 5- 
(4-benzyloxyphenyl)-l-pentanol (3.3g, 12.2 mmol), pyridine (3.0 ml, 37.2 mmol) and p- 
toluenesulphonyl chloride (4.66g, 24.4 mmol). After a reaction time of 4h at room 
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t^nperature the mixture was worked up as previously described to give the title 
compound as a colourless solid (3.64 g, 70%). 

1h Nmr (CDCI3) 5: 1.20-1.76 (6H, m, overlapping signals), 2.33-2.60 (5H, m, 
5 overlapping signals), 4.0 (2H, t, J=6Hz), 5.0 (2H. s), 6.83 (2H, d, J=8Hz), 7.02 (2H, d, 
J=8Hz), 7.23-7.50 OH, m), 7.77 (2H. d, J=8Hz). 
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Example 1 

4-[2-(3,4.Dichlorophenoxy)ethyl]-l-azabi(7Clo[2.2.1]beptane hydrochloride (El) 

5 A solution of 4-(2-hydiDxyethyI)-l-azabicycIo[2.2. l]heptane (0.5g, 3.55mmol) in diy 
tetrahydrofuran (40ml), under nitrogen, was treated with 3,4-dichlorophenol (0.87g, 
5.32mmol) in dry tetrahydrofuran (2ml), followed by triphenylphosphine (L21g, 
4.61mmol) in tetrahydrofuran (2ml). Diethyl azodicarboxylate (O.SOg, 4.61raraol) was 
added to the reaction over 0.5h and the mixture was stirred overnight at room temperature. 

10 The reaction was concentrated in vacuo^ treated with saturated aqueous potassium 
carbonate (25ml) then extracted into chloroform (3x25 ml). The combined organic 
extracts were dried over sodium sulphate, concentrated in vacuo and the residue 
chromatographed on neutral alumina in a gradient of 0-2% methanol in chloroform. Hie 
gum produced was converted into the HCl salt, which was washed dioroughly with diethyl 

15 ether then crystallised to afford the title compound as a white solid (0.65g), m.p. 188- 
190°C (methanol-diethyl ether). 

1h Nmr (DMSO-de) 5: 1.70-2.09 (4H, m), 2.18 (2a t, J=7Hz), 3.12 (2H, s), 3.23-3.56 
(4H, m), 4.20 (2H, t, J=7Hz), 7.06 (IH, dd. J=3, lOHz), 7.35 (IH, d, J=3Hz). 7.62 (IH, d, 
20 J=10Hz). 

Example 2 

4-[2-(4-BenzyIoxyphenoxy)ethyll-l-a2abicydo[2.2.11heptane hydrochloride (E2) 

25 

The title compound was prepared in a similar manner to Example 1 from 4-(2- 
hydiDxyethyl)-l-azabicyclo[2.2.1]heptane (0.5g, 3.55mraol), 4^benzyloxyphenol (1.06g, 
5.32mmol), triphenylphosphine (1.21g, 4.61mmol) and diethyl azodicarboxylate (O.SOg, 
4.61mmol). This afforded the title compound as a white solid (0.24g), m.p. 209-212°C 
30 (from methanol-diethyl ether. 

1h Nmr (DMSOdg) 5: 1.70-2.09 (4H, m), 2.16 (2H, t.(J=6Hz), 3.13 (2H, s). 323-3.66 
(4H, m). 4.10 (2H;t, J=6Hz), 5.12 (2H, s), 6.89-7.08 (4H, m), 7.36-7.57 (5H, m). 

35 Example 3 



4-[2-(2-Dibenzofuranyloxy)ethyl]-l-azabicyclo[22.1]heptane hydrochloride (E3) 
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The tide compound was prepared in a siniilar manner to Example 1 from 4-(2- 
hydroxyethyl)-l-a2abicyclo[2.2.1]hepiane (0.39g, 2.77mmol), 2-hydroxydibenzofuran 
(0.7 6g, 4.15mmol), triphenylphosphine (0.94g, 3.60mmol) and diethyl azodicarboxylate 
(0.63g, 3.60mmol). The crude product was chromatographed on silica in a gradient of 5- 
5 20% methanol in chlorofrom. Pooling of fractions containing the major slower running 
component afforded an oil which was treated with ethereal hydrogen chloride to give the 
title compound as a white solid (0.12g), m.p 206-209^C (from methanol/acetone/diethyl 
ether). 

10 1h Nmr (DMSO-d6) 5: 1 .75-2.13 (4H, m), 2,26 (2H. t, J«6Hz). 3.20 (2H, s), 3.26-3-57 
(4H, m). 4.30 (2H, d, J=6Hz). 7.19 (IH, dd, J=2, 7Hz), 7.40-7.79 (5H, m), 8.22 (IH, d. 
J=7Hz). 

Example 4 

15 

(±)5-(4-Benzyloxyphenoxymethyl)-l-azabicyclo[3.2.11octane hydrochloride (E4) 

The title compound was prepared in a similar manner to Example 1 from (±)5- 
hydroxymethyl-l-azabicyclo[3.2.1]octane (0.5g, 3.55mmol), 4-benzyloxyphenol (1.065g, 
20 5.32nmiol), triphenylphosphine (1 .21g, 4.61mmol) diethyl azodicarboxylate (0.80g, 
4.61nm]ol). This afforded the title compound as a white solid (0.1 Ig), m.p. 188-1 91 ''C 
(from methanol-acetone-diethyl ether). 

iR Nmr (DMSO-de) 5: 1.48- L55 (IH, ra), 1.60-1.97 (5H, m), 3.02-3.16 (4H, m). 3.25- 
25 3.37 (2H, m), 3.80 (2H. s), 4.95 (2H, s). 6.74-6.98 (4H, m), 7.18-7.35 (5H, m). 

Example 5 

(±)5-(4-Benzylphenoxymethyl)-l-azabicyclo[3.2.1]octane hydrochloride (ES) 

30 

The title compound was prepared in a similar manner to Example 1 from (±)5- 
hydroxymetfiyl-l-azabicyclo[3.2.1]octane (0.5g, 3.55mmol), 4-hydroxydiphenylmethane 
(0.98g, 5.32mraol), triphenylphosphine (L21g, 4.61mmol) and diethyl azodicarboxylate 
(0.80g, 4.61mmol). This afforded the title compound as a white solid (0.15g), m.p. 
35 168''C (dec) (from methanol-eiher). 
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1h Nmr (DMSOnifi) 6: 1.62-1.70 (IH. m), 1.74-2.11 (5H, m). 3.16-3.30 (4H, m). 3.38- 
3.51 (2H. m), 3.92 (2Ii s), 3.97 (2H, s) 6.88-6.93 (2H, m). 7.14-7.25 (5H, m), 7^7-7.34 
(2H.m). 

S Example 6 

(±)5-(2-Dibenzofuranyloxy)inethyl-l-azabicydo[3.2.1]o^ hydrochloride (E6) 

The tMe compound was pr^ared in a sixoilar 

10 hydioxyinethyl-l-azabicyclo[3.2.1]octane (O.S3g, 3.76iDmol), ^-hydiDsgrdibenzofoiaii 
(1.04g. 5;64nimol) trq)henylphosphine (1.28g, 4.89n3mol) and diethyl azodicartxnylate 
(0.85g, 4.89nunol). The erode produa was cbiomaiographed on neutxal alumina in a 
gradient of 0.5-2% methanol in toluene. Pooling of fitacdons containing the faster running 
component and conversion of the resulting gum into the hydrochloride salt aSGorded die 

IS title compomid as a white solid (0.98^, nip. 224-22S'^C (from medianol-acetone-diethyl 
ether). 

1h Nmr (DMSO-dg) 5: 1.62-2.22 (6H. m), 3.15-3.59 (6H, m), 4.10 (2H, s), 7.08-7.17 
(IH. m), 7.33-7.87 (5H, m), 8.09-8.18 (IH. m). 

20 

Example 7 

(±) S-[2-(2-Dibenzofiiiwyloxy)ethyI]-l-azabii7cIo[3^1)actHne hydrochloride ^7) 

25 The title compound was prepared in a similar manner to Example 1 ftom (±) 5-(2- 
hydroxyetiiyl)-l-a2abicyclo[3.2.1]octane (0.53g, 3.42 mmol), 2-hydro3q^dibOTZofuian 
(0.95g, 5.13 mmol), tripheny^)hosphine (1.17g, 4.45 mmol) anddiediyl azodicarboxylate 
(0.54ml, 3.42 mmol) employing a reaction time of 2h. The cmde product was purified by 
chromatography on neutral alumina using 0.5-2% methanol in toluene as dnant, and 

30 converted into die hydrochloride salt to give die tifle compound as a coulouiless solid 
(0.7g). nLp. 137-138^C (from medianol-aoetone-diediyl edier). 

iH Nmr CDMSO-dg) 5: 1.60-2.08 (8H, m). 3.10-3.50 (6H. m). 4.14 (2H. t, J=5HzX 7.12, 
(IH, dd, J=8Hz and 2Hz), 7.40 (IH, t, J=8H2), 7.52 (IH. t, J=8Hz). 7,63 (IH, d, J=8Hz), 
35 7.67 (IH, d. J=8Hz), 7.77 (IH, d, J=2H2). 8.14 (IH, d, J=8Hz), 10.93 (IH, hr s). 
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Example 8 

4*[2-(4-Phenoxyphenoxy)ethyl]-l*azabicyclo[2.2.1]heptane hydrochloride (E8) 

5 Hie tide compound was prepared in a amilar manner to Exanq)le 1 from 4-(2- 

hydroxyethyl)-l-azabicyclo[2^.1]heptane (0.62g. 4.4mmol), 4-phenQxyphenol (l^g, 
6.61 mmol), triphenylphosphine (LSg, S.72 mmol) and diediyl azodicarboxylate (0.9 ml» 
5.72 mmol). The leaction mixture was concentrated in vacuo, and the residue was 
conv^ted into the hydrochloride salt with ediereal hydrogen chloride. After trituraticm 

10 with ether, the salt was treated with saturated aqueous potassium carbonate (20 ml) and 
extracted into chloroform (3x25 ml). The combined extracts were dried over sodium 
sulphate, concentrated in vacuo and then purified on neutral alumina using 0-2% methanol 
in chloroform as eluant After pooling pure firacnons the product was treated with ethereal 
hydrogen chloride to give the title compound as a colouriess solid (0.8Sg), m.p. 209- 

15 21 l^C (methanol - acetone - diethyl ethw) 

1h Nmr (DMSO-dg) 5: 1.73 (2H, m), 1.93 (2H. m), 2.12 (2H. t. J=6Hz). 3.07 (2H, s), 
3.25 (4H, m), 4.12 (2H, t, J=6Hz), 6.88-7.13 (7H, m), 7.38 (2H. t. J=7Hz). 

20 Example 9 

4-[3-(4-Benzyloxyphenyl)propyloxymethyl]*l-azabicylo[2^J]heptanehydrocM 
(E9) 

25 A solution of 4-hydroxymcthyl-l-azabicycloI2.2.1]heptane (0.2g, 1.57 mmol) in dry NJ^- 
dimethylf ormamide (5ml) was treated widi sodium hydride (50mg of an 80% diqiersion in 
mm^al oil, 1 .66 mmol) and die mixture was stined at 50^C under nitrogen ondl hydrogen 
evolution had ceased. Portionwise addition of 3-(4-benzyloxyphenyl)propyl p- 
toluenesulphonate (O.S8g, 1 J7 mmol) was carried out over Ih, and the mixture was stined 

30 for a further Ih. The reaction was concentrated in v^kciio and the residue was co- 
evaporated with successive portions of toluene. The residue was treated with saturated 
aqueous postassium cartx>nate (lOml) and extracted into chloroform (3x15 ml). The 
combined extracts were dried ovct sodium sulphate and dien concratrated in vacuo. The 
crude product was purified by flash chromatography on neutral alumina using 0-15% 

35 methanol in chloroform as eluant Pooled fractions containing the faster running 

component were converted into the hydrogen chloride salt to give die title compound as a 
colourless solid (0.1 Ig), m.p. 166-1680C (from mcdianol-diediyl edier). 
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iH Nmr (DMSO-dfi) 5: 1.72 (2H. m), 1.87(2H, m). 103 (2H. m). 2.65 (2H. t. J«8Hz), 
3.12 (ZH, s), 3.28-3.55 (6H, m, overli?»ping signals), 3.68 (2H. s). 5.16 (2H, s). 7.01 Cm. 
d. J«9Hz). 720 (2EI. d, J=9Hz), 7.37-7.63 (5H, m). 

S Example 10 

4-[5.(4-Phenoxyphenyl)pentyloxyl-l-aiabi«grclo[2.2.11heptaiie hydrochloride (ElO) 

A solution of l-benzyl-l-azcjniahicyclo[2.2.1]heptan4-ol p-tohienesnlphonate (0.5g, 1.33 
10 mmol) in diy N,N-diniethylf6miainide C7nil) was treated with sodiom hydride (80 mg of 
an 80 % dispersion in mineral oil, 2.66 mmol) and then stined tmder nitrogen at room 
temperature for Ih. A solution of 5-(4-pheno3typhenyl)penlyl bromide (P.85g, 2.66 mmol) 
jn ,jTy w. Kr- /tiTni»riiy lfi«mamide Qml) was added, and Ae mixture was stined for 3h. The 
reaction was quenched with glacial acetic acid (0.5ml) and then concentrated in vacuo. 
15 After co-evaporation with successive portions of toluene, the residue was disolved in 

etbanol (10 ml) and hydrogenaied at atmospheric pressure over 10% Pd-C (0.1g) for 2h. 
The reaction mixture was filtered through a pad of Ideselguhr and the filtrate was 
concentrated in vacuo. The residue was treated with satiirated aqueous potassium 
carbonate (20 ml) and extracted into chloroform (3x20ml). The comWned extracts were 
20 dried over sodiim sulphate and concentrated ihvacMO. The crude pnidna was purified 
flash chromatography on neutral ahmnna usmg 0-15% m«hanol in chloroform as etaant 
After pooling pure ftactions the product was treated with ethereal hydrogen chloride to 
give the tifle compoimd as a colouriess solid (0.14g), m.p. 129-131<»C (ftom acetone- 
diethyl ether). 



25 



iH Nmr (DMS0-d6) 5: 1.33 (2H. m). 1.55 (4H, m), 1.80-2.10 (4H. m), 2.53 (2H. t, 
J=7Hz), 3.18 (2H. s), 3.30-3.58 (6H. m, overlapping signals), 6.93 (4H. m), 7.11(1H, t, 
J=8Hz), 7.22 (IH, d. J=8Hz), 7.38 (2H. t, J=8Hz). 

30 Example 11 

4.(4.Benzyloxyphenoxymethyl).l.azabicycIoOAllheptane hydrochloride (EU) 

The title compound was prepared in a ainihff manner to Exan^jle 1 fejm 4- 
35 hydroxymethyH-a2abicyclo[22.1]heptane (0.5g. 3.94 mmol), 4-benzyloxyphenol (1.18g, 
551 mmol), ttq)hen^hosphine (1.55g, 5.91 mmol) and diethyl azodicarboxylate (0.93ml, 
551 mmol). After a reaction period of 5h the mixmrc was worked up as previously 
described fin: Exan5)le 1. Purification on neuaal ahmiina using 5% ethanol in cfalorofona 
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as duant afforded a pale yellow oil which was tieated widi edieceal hydrogen chloride to 
give the title compound as a colourless solid (0.09g), m.p. 206-208^C (from methanol- 
acetone-diethyl ether). 

5 1h Nmr (DMSO-d^) 5: L73 (2H. m), 2.02 (2H, m), 3.12 (2H, s), 32(V3.50 (4H, m. 
overlapping signals), 4.17 (2H. s). 5.03 (2H. s), 6.93 (4H, m). 7^6-7.48 (5H, m)- 

Example 12 

10 4-[4-(4-Phenoxyphrayl)butyloxy]-l-azabicydo[2.2.1]heptane hydrochloride (E12) 

The title compound was prepared in a similar manner to Exanq>le 10 firom l-benzyM- 
azoniabicyclo[2.2.1]heptan-4-ol p-toluenesuphonate (OJg, 1.33 mmol), sodium hydride 
(80 mg of an 80% disp^ion in mineral oil, 2.66 mmol) and 4-(4-phenoxyphenyl)butyl 
15 bromide (0.89g, 2.91 mmol). The erode product was purified by chromatography on silica 
using 5-10% ethanol in chloiofonn as eluant, and tieated with ethereal hydrogen chloride 
to give the title compound as a colourless solid m.p. 1 15-1 17.5^C (from acetone-diethyl 
ether). 

20 iH Nmr (DMSO-dfi) 6: 1-46-1.67 (4H. m). 1.85-2.06 (4H, m), 2.57 (2H, t, J=7Hz). 3.17 
(2H, s), 3.30-3.60 (6H, m. overlapping signals), 6.93 (4H, m, overlapping dgnals), 7.11 
(IH, t, J=7Hz), 7.21 (2H, d, J=8Hz), 7.38 (2H, t. J=8Hz). 

Example 13 

25 

4-[3-(4-Benzyloxyphmyl)propyloxy]-l-azabicyclo[2^1]heptane hydrochloride (E13) 

A solution of 4-hydroxy-l-azabicylo[2.2.1]hcptane (0.38g, 3.36 mmol) in dry N, N- 
dimethylformamide (15ml) was treated under nitrogen with sodium hydride (120 mg of an 

30 80% dispersion in mineral oil, 4.0 xxunol). The nnxture was wanned to 40-50^ and 
stinedfor2h. The temperature was raised to 60^ and a solution of 3-(4- 
benzyloxyphenyl)propyl tosylate (0.9Qg, 2.69 mmol) in dry N, N-dunetiiylformamide 
(8ml) was added dropwise over 2h. Afto* a fimher Ih at 60^0 die reaction was cooled and 
quenched with glacial acetic acid (023 ml). The reaction was concentrated m vacuo and 

35 then partitioned between chlorofonn (20 ml) and saturated aqueous potassium carbonate 
(20 ml). The aqueous phase was extracted with chlorofonn (2x20 rrd) arid the coixibined 
organic layers w^ dried over sodium sulphate and concentrated in vacuo. Purification on 
neutral alumina using 1-2% ethanol in chloroform as eluant afforded a coloudess 
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crystalline solid which was treated with ethereal hydrogen chloride to give the title 
compound as a colourless solid (0.30g) m.p. 180-181*C (from metfianol-aceione-diethyl 
ether). 

5 1h Nmr (DMSO-dfi) 5: 1.78 (2H. m); L92 (2H, m); 2.02 (2H, m); 2.56 (2H, t, J= 7Hz); 
3.18 (2H, s); 3.25-3.60 (6H, m); 5.07 (2H. s). 6.92 (2H. d, J=8Hz); 7.12 (2H. d. J=8Hz); 
7.28-7.50 (5H,m). 

Example 14 

10 

4.[5.(4.Benzyloxyphenyl)pentyloxy]-l-azabicyclo[2.2.1]heptane hydrochloride (E14) 

A solution of 4-hydroxy-l-azabicyclo [2.2.1] heptane (0.38g, 3.36 mmol) in dry N, N- 
dimethylformamide (15ml) was treated under nitrogen with sodium hydride (120mg of an 

15 80% dispersion in mineral oil. 4.0 mmol). The mixture was warmed to 50°C and stirred 
for 2h. The temperawre was raised to 60°C and a solution of 5-(4-benzyloxyphenyl) 
pentyl p-toluenesulphonate (1.07g, 2.52 mmol) in dry N, N-dimethylformamide (9ml) was 
added diopwise over a period of 3h. After a further 45min at 60^*0 the mixture was cooled 
and quenched with glacial acetic acid (0.23ml). The reaction was concentrated in vacuo 

20 then partitioned between chloroform (75ml) and saturated aqueous potassium carbonate 
(75ml). The aqueous phase was exhaustively extracted with chloroform. The combined 
organic layers were dried over sodium sulphate and concentrated in vacuo. Purification on 
neutral alumina using 1 % ethanol in chloroform as eluant followed by treaouent with 
ethereal hydrogen chloride afforded the title compound as a colourless solid (0.30g) m.p. 

25 150-151.5X(acetone-diethylethCT). 

iH Nmr (DMSO-de) 5: 1.32 (2H, m); 1.53 (4H, m); 1.82-2,08 (4H, m); 2.50 (2H, t, 
J=7Hz), 3.17 (2H, s); 3.25-3.60 (6H, m); 5.06 (2H. s); 6.92 (2H, d, J=8Hz). 7.10 (2H, d, 
J=8Hz); 7.28-7.50 (5H,m). 

30 
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Claims : 



1 . A compound of formula (I): 



5 




Formula (I) 



in which 

10 

p, q and r each independently represent an integer from 1 to 4; 
n is 0 to 6; 
m is 0 to 6; 

A is a bond, -CH=CH-, -C^C-, oxygen, sulphur or NRI; 
15 is hydrogen, Cj.g^^lkyl or phenylCi.4alkyl; and 

At is aryl or heteroaryl, each of which may be optionally substituted; 

or a salt thereof . 

20 2. A compound according to claim 1 wherein p and r are independenUy 2 or 3. 



5. A compound according to any of claims 1 to 4 wherein the length of the 
chain -(CH2)nA(CH2)m is from 2 to 6 atoms. 



3. 



A compound according to claim 1 or claim 2 wherein q is 1 or 2. 



4. 



A compound according to any of claims 1 to 3 wherein A is oxygen or a 



25 



bond. 



30 



6. A compound according to any of claims 1 to 5 wherein m is 0 to 3. 



7. A compound according to claim 1, selected from : 



4-[2-(3,4-dichlorophenoxy)ethyll- 1 -azabicyclo[2.2. 1 jheptane. 
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4-[2-(4.benzyloxyphenoxy)ethyll-l-mbicyclo[2,2.1]heptane, 
4-[2-(2-dibenzofuranyloxy)etbyll-l-azabicyclo[22.1]hq)tane, 
(±)5-(4-benzyloxyphenoxymethyl)-l-azabicyclo[3.2.1]octane, 
(±)5-(4-benzylphenoxymethyl)-l-a2abicyclo[3.2.1]octane, 

5 (±)5-(2-dibenzofiiranyloxy)me±yl-l-azabicyclo[3-2.1]octane; 
(£)5-[2-(2-diben2ofuranyloxy)ethyl]-l-azabicyclo[3.2.1]octane, 
4-[2-(4-phenoxyphenoxy)ethyl]-l-azabicyclo[2.2.1]heptane, 
4-[3-(4-benzyloxyphenyl)pn)pyloxymethyl]-l-a2abicylo[2^.1]heptane, 
4-[5-(4-phenoxyphenyl)pentyloxy]-l-azabicyclo[2.2.1]heptane, 

10 4<4-ben2yloxyphenoxymethyI)- l-azabicyclo[2.2. 1 Jheptane, 
4-[4.(4-phcnoxyphenyl)butyloxy]-l-azabicyclo[2.2,l]heptane, 
4-[3-(4-benzyloxyphenyl)piopyloxy]-l-azabicyclo[2^.1]heptancand 
4-[5-(4-benzyloxyphenyl)pentyloxy]-l-azabicyclo[2.2.1]heptane, 



IS or a pharmaceutically acceptable salt thereof. 

8. A process for the preparation of a compound of formula (I) as defined in 
any of claims 1 to 7 which comprises: 

20 (a) for compounds of formula (I) in which A is O, S or NRI , reaction of a compound 
of formula (II): 



30 




(CH2)p (CH2), rcHj), 

25 Formula (II) 

in which p, q, r and n are as described for formula (I) and A^ is O, S or NR^, 
with a compound of formula L(CH2)inAr in which m and Ar are as described for formula 
(I), and L is a leaving group; 



(b) for compounds of formula (I) in which A is O, S or NR^ , reaction of a compound , 
of formula (in): 
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.(CHaX.L 




(CHaV (CHj), jpHaJ, 
Fommla cm) 

S in which p , r and n axe as described for formula (I) and is a group displaceable by a 
nucleophile, with a compound of fcnmala HA^(CH2)ix|Ar where m and Ar axe as 
described for formula (I) and aMs as described for formula (n); or 

(c) for compounds of formula (I) in which A is NR^ reduction of a conq)ound of 
10 formula (IV) : 

4 

R 




(CHa)p (CH2), (CH2), 
N 

Formula (IV) 

15 

in which represrats the group 

.(CH2)nN(Rl)C(0)(CH2)ni-l At or -(CH2)n.lC(0)N(Rl)(CH2)niAr. 

20 and p, q, r, n, m, and Ar are as described for formula (I); 

(d) for compounds of formula (Q in which A is a bond, reaction of a conq)Ound of 
formula (V) : 
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(CH2)n*m'- 



(CHaJp ©Ha), 
Formula 00 

5 (wherein Ll,p,q,r,in and n are as heirinbefore defined). 

with a compound of formula Xl Ar in which Ar is as described for formula 0), and xl is 
an alkali metal; 

10 (e) For compounds wherein A is -C3I=CH- leaction of a compound of formula (VI) : 

,(CH2)„CH0 




(CH2)p (CHJ, ffiHe), 
Fonnula (VI) 



15 



(wherein n, p. q and r arc as hereinbefore defined) with a reagent serving to introduce the 
group Ar, 

(f) Interconversion of one compound of formula (I) to a different compound of 
20 formula (I) e.g. the reduction of a compound wherdn A is -CH=CH- to a conqwund 
wherein A is -CH2CH2-; 
and optionally thneafter forming a salt 

9. A pharmaceutical conq>osition con^rising a compotmd of formula ® as 
25 defined in any of claims 1 to 7 or a phamiaceu!iaillyaccq>table salt thereof and a 

pharmaceutically accq>table carrier or exc^ient 

10. A confound of formula (I) as defined in any of claims 1 to 7 or a 
pharmaceutically acceptable salt thereof for use in fbecapy. 

30 
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11. A method of treamient of a condition or disease rdated to the accumu 
of caldum in the brain cells of mammals which conqjrises administering to a subject in 
need dieieof an effective amount of a compound of formula (I) or a phaimaceutically 
acceptable salt dieieof . 
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